Avoiding dangerous situations, such as noxious heat or harmful tissue damage, is certainly most fundamental behavior of all animals. One can hardly imagine that any animal could survive in nature without innate reflective mechanisms to avoid such situations or even to defend itself against them. Such avoidance reactions usually start with the activation of somatosensory neurons covering the body surface that are responsive to repellent cues, such as heat or strong mechanical stimulation. In vertebrates, processing of these peripheral signals in the brain can ultimately cause the sensation of pain [1] . The fruitfly Drosophila melanogaster has frequently been used as a valuable model organism to dissect the neuronal basis of a variety of sensory processes, for example olfaction, gustation or sound detection [2, 3] , which often are surprisingly similar to those of vertebrates. But do insects feel pain? Certainly not in the sense higher mammals do, but it is certainly possible that they have sensory systems for detecting stimuli that can cause injury or damage, and that the basic mechanisms are evolutionarily conserved from fruitflies to mammals.
Biologists use the term 'nociception' [4, 5] for the sensory detection of potentially harmful stimuli, to differentiate it from the psychologically loaded term 'pain' [1] . Likewise, a defensive behavior elicited by such stimuli can be called 'nocifensive' behavior. Such a nocifensive behavior can be observed in such a simple organism as a Drosophila larva. When fruitfly larvae are stimulated with a heated probe, such as the fine tip of a soldering iron, or are gently pinched, they perform a rolling behavior which is clearly different from their typical peristaltic locomotion behavior [6] . To investigate the mechanisms causing such a nocifensive behavior one can ask whether there are dedicated nociceptive neurons in fruit flies, similar to nociceptive neurons of vertebrates.
In Drosophila, two morphological types of somatosensory neuron have been described. Type I neurons terminate in a ciliated dendrite and are located in sensory bristles that sometimes can form complex organs, such as the Johnston's organ, the fly's ear. Type I neurons are diverse with respect to the stimuli they respond to, sound or gravity for example. In contrast, type II neurons are simpler, as they lack sensory cilia and extend their naked dendrites along epidermal cells of the body surface. In this respect, these neurons, which are also called multidendritic neurons, are similar to the nociceptive neurons of vertebrates [5] .
A function of Drosophila multidendritic neurons as true nociceptors has been proposed after the exciting finding that they express a channel protein of the TRP family that is homologous to a temperature-sensitive channel (TRPA1/ANKTM1) expressed in vertebrate nociceptive neurons [6] . This channel protein opens at temperatures above 38 C, ultimately activating the sensory neuron. Interestingly, deletion of this channel in the mutant painless results in a defect in the nocifensive rolling behavior in Drosophila larvae [6] , suggesting that multidendritic neurons might act as nociceptors. Other possible explanations for this remained, however; for example, it has been suggested that multidendritic neurons might be proprioreceptors, and if so, their impairment could simply prevent the fruitfly performing motor actions properly [7] . A further complication is that multidendritic neurons are diverse: four different classes can be distinguished by their different dendritic arborisation patterns, perhaps indicating they have different functions.
As reported recently in Current Biology, Hwang et al. [8] have addressed this question in a study which demonstrates once again how favourable Drosophila is for tackling such issues. Most importantly, transgenes can be expressed in Drosophila easily in a variety of neuronal populations of interest, in this case within different subpopulations of multidendritic neurons. By expressing tetanus toxin, a poison that abolishes chemical synaptic transmission, the authors were able to block the output selectively from morphologically distinct classes of multidendritic neurons. They found that blocking of only one single type -class IV neurons -strongly affects the putative nociceptive response evoked by heat or mechanical stimulation. These data demonstrate that class IV neurons, but not the other classes, are required for the initiation or performance of the nocifensive behavior. In addition, the authors have used a more recently developed technology to artificially activate neurons by illumination. Such photo-activation of neurons can be achieved by expressing the light-sensitive cation channel 'Channelrhodopsin-2' (ChR2) [9] . Illumination of the neurons expressing ChR2 causes their depolarization and thus activation.
The efficacy of this technology in Drosophila larvae has been demonstrated already in the context of olfactory learning and memory [10] . If multidendritic neurons are really nociceptive and responsible for triggering the nocifensive rolling behavior, light-induced activation of just these neurons should cause the illusion of a harmful stimulus and elicit the rolling response. Interestingly, only light-induced activation of class IV neurons induced a nocifensive rolling behavior, whereas activation of the other classes of neurons caused an accordion-like contraction of the larvae. This experiment is not only fascinating because of the modern genetic tricks that allowed Hwang et al. [8] to turn light into a 'harmful' stimulus. The experiment clearly demonstrates that activation of class IV neurons is sufficient to cause the nocifensive rolling behavior, whereas the other classes of multidendritic neurons might serve different functions in the context of coordinated locomotion.
One observation was puzzling, however: the larvae rolled more often towards the side from which the noxious stimulus came rather than away from it. To understand this seeming paradox, Hwang et al. [8] considered how such a behavior might have evolved. In nature, a serious threat for insect larvae are parasitoids, insects whose larvae feed from the body of other insects [11] . Drosophila melanogaster has such an enemy in the parasitoid wasp Leptopilina boulardi, whose females penetrate the larvae with their ovipositor and lay their eggs inside the larval body. Hwang et al. [8] showed that indeed Drosophila larvae can defend themselves against such wasp attacks by performing their rolling behavior. In a kung-fu-like fashion, the larva wraps the wasp's sting around its body, flips the attacking wasp through the air and onto its back, which gives the larva time to escape. This fascinating new study by Hwang et al. [8] vividly illustrates that animal behavior often can be understood only if the context of the animal's natural ecology is taken into account.
Habitat loss and climate change both kill off species. New studies show that the latter is a potent threat. Worse, its victims will likely be mostly those not presently threatened by habitat loss.
Stuart L. Pimm
The important questions about species extinctions in the face of global climate change are clear. As geographical ranges shift, some may contract. For some, the envelope of climatic conditions that describes the species' present range may no longer exist. The species will likely go extinct. How many species might suffer this fate [1] ? Vitally, because a species cannot go extinct twice, are the species that global change dooms different from the ones that habitat losses have exterminated or soon will?
The problems come from predicting future species' ranges. The idea that species ranges might be neatly constrained by temperature and other climatic variables is irresistibly seductive to anyone capable of gaining access to databases on species' ranges and the output of climate models predicting future climate variables, and who has the ability to write the necessary computer code to connect one to the other. The assumptions to do this, however, are many and important. Are such modelling exercises predicting future ranges simply pointless?
Science has measured the increasing atmospheric concentrations of greenhouse gases with improving precision for decades. The physical consequences range from simple increases in global temperatures to many more complex, and so sometimes less certain, changes. Yet, temperature increases alone create ineluctable biological complexities. Every species has to worry about finding food, avoiding predators, disease, and other enemies, selecting the nooks and crannies and other physical features that afford protection, and so on down a long list. The temperature at which Mother Nature sets her thermostat is only one of many concerns. That said, many plant species are limited by frosts and much solid natural history suggests that temperature and rainfall are key predictors of species' ranges. Root's [2] quantification of the large fraction of North American bird species that have their northern winter ranges corresponding to particular average winter temperatures confirms that temperature is a factor that either directly or indirectly affects many species over large areas.
Does a warming climate actually change what species do? That is a tougher question. The important answer must again be a general one that evaluates most species across
